Nora et al. 2012 Supplementary Figure 1

a Undifferentiated mESCs
XY XX

chrX 1100 Mb 1101Mb 1102 Mb 1103 Mb chrX | 1101Mb 1102 Mb 1103 Mb

99Mb
99Mb

100 Mb 1
100 Mb 1

& &
S s
S S
3 a
= =
3 3
2 2
2 2
= =
5 3
g g

median count in 30kb window
[— ]

2 98% of max



Nora et al. 2012 Supplementary Figure 2
Male mESCs (E14)

replicatel

Male mESCs day2 (E14)

replicatel

Male NPCs (E14)

replicatel

Male MEFs

replicatel

Male mESCs (TT2)

replicatel

Male mESCs (EED")

replicatel

Male mESCs (E14)

replicate2

Female mESCs (PGK12.1)

replicatel

Male mESCs day2 (E14) Female mESCs day2 (PGK12.1)

replicate2

Male NPCs (E14)

replicate2

Female MEFs

replicatel

Male mESCs (TT2)

replicate2

Male mESCs (EED")

replicate2

1Mb

replicatel

Female MEFs

replicate2

Male mESCs (TT2-G93")

replicatel

X0 mESCs (AXTX)

replicatel

Female mESCs (PGK12.1)
replicate2
_Mb_
_Mb_
_Mb_
Male mESCs (TT2-G9a")
replicate2 _1Mb
X0 mESCs (AXTX)
replicate2 _1Mb.

median count in 30kb window
0 98% of max



Nora et al. 2012 Supplementary Figure 3

660kb 680kb
RP23-453P7 RP23-22N15 RP23-396M14 3D DNA FISH
a Abcb7 Magee2 Magee1 Fgf16,

C77370 Uprt Zdhhc15  5530601HO4Rik  Cypt2-ps Atrx

101.5 Mbl 102 Mbl 1025 Mbl 103 Mbl

RP23-453P7
RP23-22N15

RP23-396M14
DAPI

101.5Mb |

102Mb |

& 0 80 77
2 g 60 // w==distance(@Q)
2 7/ % Pp<00]
B :oa 40 = distance(@Q) n=147
2 median count in 30kb window 20
3 [::::-----rn 0 ,/,
BAC Probe Pool | msssss— : sehofmax 00 05 L0 L5 20
BAC Probe Pool Il e— 30 Distance (um)
pEN] me DXPa534 pFNé = 1
b @pLG1 -DXPas34  @PENT -DXPas34 =
i — - —— - - 7 08
Porx Ly Tore it o 0" @DpENG -DXPAS34 @ PENT -pEN6 9]
1005 Mb1 101 Mb 1 £ 06
- 600 - 600 1 2 04
3 s
3 € 500 - 'g 500 = 02
= £ = o
< 400 - 8 400 ~< 5 % 500 1000 1500
& g T~a v 3D threshold distance (nm)
3 300 - 5 300 S~ o
Q 2
2 200 - £ 200 - © 30
S 5 R? =0,9852 [
2 100 - £ 100 - 5 20
L
0 0 10
0 200 400 600 0 5 100 150 200 250 o n=147
— - ) 500 7000 1500
200kb genomic distance (kb) median 5C count 3D distance (nm)
C Immunofluorescence H3510Ph
<1%
G1/S prophase proceeding mitosis
. - n Undifferentiated mESCs Primary MEFs
= n=220 n=194
d Immunofluorescence H3S10Ph + 3D-DNA FISH BAC Probe pools

H3S10Ph

Gis v - - - - - - - T
NS
Probe Pool | G2 |—————-____| NS
S i i LR i

GI/S -l --------------- . ]*
*

Probe Pool I G2 - - --- - - 4

BAC Probe Pool Il Nuclear Background + {l:l— 4

T T T T T T 1
0 0.1 0.2 03 04 05 0.6

Colocalisation index (Pearson’s coefficients)

% p<8*10”
%% p<7r0?
* %% p<1070 O

[ [ 100<n<119

33<n<36




Nora et al. 2012 Supplementary Figure 4

a RefSeq Genes
O ja tacs Meeseidesd Sm5166 ¥ i sx = C77370 freees prt b lagee: Magee
R L B T N ™ s ST sy e Mo ! opzee | e i
Nhsi2 pssremrlh Phkat Chict IH Mir672 1 Zdnhots Mk 2610020G23Rik Magt! @H  Tafoo
Pin4 i Gm9112 | Gms126 ix 1 E530001F21Rik | ox7b
Ercesl H Dmrtcts | 4930519F16RIK K Xist W 5330434G04RK Apra -Hll
Rpsax | Dmrtetc2 | ist W
Gited1 } omrctct | Gmo1591
Dmrctc2 Fix
Omrictct | Zechet3 |
1700031FOSRik b 1 Mb
H3K27me3 L i
T STY b, ko A
o I.I ot v‘.‘,.‘u |.q. [T TP hllnw,h.l‘n‘.w La qu*l,,m,w‘Mﬁ.,‘llpl M\‘m”“”\“ O BT A ”,WM‘,ﬂﬂwmewl
H3K9me2
il LWIL. .Md“ i LulM“lMIIIIL‘ \H..J |\u|11 Lol b \I.IIHM u“l‘m Ty | “I.L i “\ \\Il.nllhhhlll M adllk L ,Hj . CTCF Smc3 Smc1
H3K4me3 Pol Il H3K36me3 RNA e e 2 & 8 »
! roo 0 199Mb 1100 Mb 1101Mb 1102 Mb 1103 Mb v *

100 Mb |

bl
mJL LLM\MJMW

- 101Mb |

102 Mb |

103Mb 1|

median count in 30kb window

TADs

b TAD #E H3K27me3 positive

1010 median courtts

45 & 55 6 [ T
log 0 genamic distance

TAD #C H3K9me2 positive

g 8
2 N
H %
=3 ety
£ %
%
=y
o
1 /
G9a™"
U} 35 6 6.5 7

45 5 55
log10 genormic distance

2 98% of max

TAD #F H3K27me3 negative TAD #F H3K27me3 negative

o
o

10910 median courts
log 10 median counts

2] 2

i wr ! WT (mESCs)
Eed ™" WT (MEFs)

3 35 4 ] 65 7 U3 35 6 6.5 7

4.5 5 66 45 5 55
Iog10 genamic distance log10 genornic distance

TAD #F H3K9me2 negative

10910 median counts
®

45 5 55
log1 0 genomic distance



5C counts

Peaks

102 Vb 101Mb . 100 Mb.

103Mb

Nora et al. 2012 Supplementary Figure 5

Undifferentiated ES cells (mESCs)

100 Mb .101 Mb 102 Mb 1103 Mb

102 Mb. 101Mb . 100 Mb. 99Mb

103Mb

99 Mb 1100 Mb 1101 Mb 1102 Mb 103 Mb

4o»

101Mb . 100 Mb.

102Mb.

103 Mb

99 Mb

Neuronal progenitor cells (mNPCs)

100 Mb 101 Mb 102 Mb 03 Mb

Embryonic fibroblasts (MEFs)

100 M 101 Mp 102 Mb 20305

102 Mb: 101Mb 100 Mb 1 99Mb 1

103 Mb 1

1 99 Mb 100 Mb 101 Mb 102 Mb 1103 Mb.

101Mb . 100 Mb

102Mb.

103Mb

102 Mb: 101Mb 100Mb 99Mb

103 Mb 1

median count in 30kb window

2 98% of max
100Mb 101N 102Mb 103Mb

number of 5C peaks called in 30kb window
[ |

0 6



Nora et al. 2012 Supplementary Figure 6

a Female Embryonic Fibroblasts
DNA FISH

RNA FISH Xist

Probe Pool |

Probe Pool Il

Embryonic Fibroblasts

Probe Pool |

N e

X
Probe Pool Il ‘ @

X g =Ll
i *
*

-8
Nuclear Background n=80, p<7*10

T T T T T T T T T 1
02 01 0 01 02 03 04 05 06 07

Colocalisation index (Pearson’s coefficients)

Embryonic fibroblasts Female - 15 male Fibroblasts

Female (Xa + Xi) Male (Xa) (deconvolved Xi)
chrX, 100 Mb 1101 Mb 102 Mb 103 Mb 100 Mb 1101 Mb 102 Mb 103 Mb 1100 Mb 1101 Mb. 102 Mb 103 Mb
2 2 2
H| B H
5 a a
= = =
8 8| 8
2 2 2
2 2 2
g E g
2 2 2
Probe Pool | ——
Probe Pool Il -
C Female Male deconvolved Xi
50%readsfromXa | - 1] = o )
50% reads from Xi 2]100% reads from Xa 50% reads from Xi
. . 1 .
Female replicate 1 | _, [ Female replicate 271 ['mock deconvolution f Female replicate 1 - »5Female replicate 2
50% reads from Xa | ~ 3| 50% reads from Xa | = | 25%reads from Xa (mock deconvolution: Xa+ Xi)
50% reads from Xi 50% reads from Xi 25% reads from Xi ;E 99 Mb 1100 Mb 101 Mb 1102 Mb 1103 Mb
2 o [Py
= = < 2
g % § :
] © — =3
g 2 2 X X °
x Y il 3 3 z L
wn w w > > [=} =
] = = ° ° o 2
= e. oy Zo Zy O ]
A S ®¢ m¢ ST 5T x 8 -
Z-score distribution = g S g; g8 g& 3
d 0 2000 4000 6000 e = w¥ wof oF aF E
Male MEFs (Xa) » Male MEFs (Xa) F
5
Female MEFs (Xa+Xi) Female MEFs (Xa+Xi)
replicate1
Female MEFs (Xa+Xi) >— iﬁh'g?e"f MEFs (Xa~+Xi) %
replicate 2 S
Deconvolved Xi Eﬁfﬁ;}"""’ed Xi
replicatel
Deconvolved Xi Ep?(ca?enzvolved Xi 2
replicate 2 3
mock deconvolution (Xa+Xi) ’ mock deconvolution (Xa-+Xi) median count in 30kb window

98% of max
(negative counts)

98% of max
(positive counts)

. -Log10 scal
Wilcoxon test p-values \ﬂ%
0

>250



Nora et al. 2012 Supplementary Figu

correlation in transcriptional dynamics

re7

correlation coefficents

full time series

TADs | | |
I Ogt Ogt
GmA4779 Gm4779
I -‘ 8030474K03Rik A + - - - 8030474K03Rik
booo-- T
| | | Erccel Erccél
| | Rpsdx Rpsdx
Cited1 Cited1
Hdac8 C Hdac8
Phikal F----- T 1 Phkal
Gm9112 Gmo112
Dmrtc1b Dmrtclb
1700031FO05Rik 1700031FO05Rik
Dmrtcla Dmrtcla
[ | 170001IMO2RK 1700011MO2Rik
Nap1l2 Nap1l2
Linx/4930519F16Rik Linx/4930519F16Rik
Cdx4 D F--- - - - Cdx4
Chic1 F=---- Chic1
Tsx Tsx
Tsix Tsix
Xist T Xist
Ftx Ftx
Zcchel13 Zcche13
Slc16a2 E F-==-=-- Slc16a2
Rnf12 i Rnf12
C77370 C77370
Abcb7 - Abcb7
Uprt F Uprt
zdhhe1s F==--- (I Zdhhcls
| | Magee2 4L Magee2
5530601H04Rik 5530601HO04Rik
2610029G23Rik G + 2610029G23Rik
Magee1 - F-=--- Mageel
Fgfl6 Fgfl6
Atrx T Atrx
Magt1 Magt1
Cox7b - - - -4 Cox7b
ok -+
Pgki Pgki
|| Tafob L Taf9b
52 ST ET RS NI s A raNoREna .  sRET e
OREZUL PRS- LELERESEr R UBER S0 EZ 85223558
FTUSCRRERBESELTT §RFLS giags” S0t
s m = L =3 N
S g 8 8 88 correlation coefficent Genes pairs in > {l
g S8 2 23 p I I O mESC early differentiation
& = = 3 ] -:- Il same topological domain
é aty M random domains z-normalised transcript levels
2 0 2
d TAD harboring Tsix promoter TAD harboring Xist promoter
Tsix Linx / 4030519F16Rik Xist Ftx
o
o ] ] \n 2 ] > []
pocs o a
3 2 - B 1 3
O > o [ []
3 g3 2 3
= = o= = = ©
2 2 o 2 z
S N S g @ c 2
S o0 =) i=1 s
3 3 < 3 3
o2 B K] s 2 L) g
e 2 o s - s 8 N
T T T T T ® 4 T T T T ~ T T T T T T T T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
time (hours) time (hours) time (hours) time (hours)
e TAD A TAD C TAD D TAD E
1.0~ - - i
L] L L[]
c I 3 RSN omm mCRER
2 os- T - St | .
,E; . . . 'y . I 'Y
© L A
I W‘/\MM W W W
= 00- ° - - .
o) .
o] S - .
05- ° - - -
T R e e S e e e o s e e e i i e e
0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600
inter-gene distance [kb] inter-gene distance [kb] inter-gene distance [kb] inter-gene distance [kb]
TAD F TAD G TAD |
10- I 4 Correlation of
L] . .
c . ° pairs of genes
o o
S 05- . ] ] within TAD
5 o aq |
g NMAAAA A AN AM A~ A
£ 00- _INAMAAA~ar W
o 2 .
o . 2 Mean correlation
-05 - ] - of neighboring
I B T e e | S 0 S geneson X
0 200 400 600 0 200 400 600 0 200 400 600

inter-gene distance [kb]

inter-gene distance [kb]

inter-gene distance [kb]



Nora et al. 2012 Supplementary Figure 8

a WT AXTX b Log2( AXTX/WT)

100 Mb. 1101 Mb 102 Mb 103 Mb 1101 Mb 1102 Mb 103 Mb.
R
2
=
8 ,
3
3
B
=
r
=
8
TMb .- Log2 median count in 30kb window
. | oeeea— |
e ! 98% of max 98% of max
L iteTsixXist J— . S (higher in WT) (higher in AXTX)
Nap112 Ppnx Chic17sx  Jox Fix Zcchc13 Sic16a2 C77370 Nap1l2 Ppnx Chic1 Tsx Jpx Ftx Zcchc13 Slc16a2 C77370
median count in 30kb window
| — |
2 98% of max
¢ TAD #E (in WT) TAD#C _ Autosomal
0 10" s 10° & §X10° ¥ 16 107 =* wa" NS mxm'z NS

_o X — 3 —

g T . L] I

&8 | : 5 1 mwWT

=

Qo 6 3 6

22 4 " . .

Bg . 2 ) ! . | O Xist/Tsix boundary deletion

s ® 2 4 2 - 3

Eg 2 1 2 n=9, p<2.6*10

o 0

0 0
Jpx Ftx Zcchcl3 ! Rnf12 Phkal ’ Rrm2



Nora et al. 2012 Supplementary Figure 9

a

Reads ¢

(per milion) 40
20

0

60
40
20

0
60
40
20

Example of anchor views of raw 5C data -undifferentiated MALE mESCs

5C-Forward#575, whithin Xite

—_—\

5C-Reverse#581, whithinTsix promoter

5C-Forward#593, within Xist promoter

0

Nap112 Ppnx Linx Cdx4 Chic1

XiteTsix Xist
1

)
Ftx Zcchc13

Slc16a2Xpr

b Peak calling for all 5C fragments within Xite, Tsix promoter and Xist promoter

undiff MALE
undiff FEMALE
2-day diff MALE
2-day diff FEMALE

undiff MALE
undiff FEMALE
2-day diff MALE
2-day diff FEMALE

undiff MALE
undiff FEMALE
2-day diff MALE
2-day diffFEMALE

25Kkb Nap1i2

Xite
]

Tsix promoter

Xist promoter

Detailed anchor views of 5C-Reverse #576 (within Xite) across TAD#D

replicate 1 replicate 2

Ppnx Linx Cdx4 Chic1 Xite Tsix Xist 25kb Nap1/2 Linx Cdx4

Ppnx

1200

5C counts

200 400 600 800

Undifferentiated
MALE

o

50 kb

Chic1 Xite Tsix Xist

Pea;ks squished ‘wew

=
Peaks squished view

7000

3500

2500

Undifferentiated
FEMALE

5C counts
1500 2

5000

3000

0 500

o 1000

Péaks squished view

2000

2-day differentiated
MALE

500 1000

1500

1000

500

o

== mm—
Peaks squished view

2500

1500

2-day differentiated
FEMALE

5C counts

100300000 100350000 120400000 100450000 ~ 00500000

25kb Nap1i2 Ppnx Linx Cdx4

Genomic coordinates (bp)

100550000

100600000 10650000

Chic1 Xite Tsix Xist

o s00

Peaks squished view

100300000 100350000

25Kkb Nap1i2

100402000

‘ peak called in two replicates

@ peak called in only one replicate
Genomic coordinates (bp)

10045000 100500000 100550000 100300000

100650000

) (Loess weighted average)
Ppnx Linx Cdx4 Chic1 Xite Tsix Xist

+/- standard deviation

== Expected value based on genomic distance spearation




Nora et al. 2012 Supplementary Figure 10

14.2
p300
05 . - ' ' . [P ¥ i YRR ) Vo mde e . iH
| | Il | (A 1
89
H3K27Ac ‘ |‘
. o 1
(B | | 1 1111l
8
H3K4me1
o - n e mdlMﬂMﬂ m.m‘ Hlu IMWMMMMWMM ,A.lMuuMMML
H3K4me3 "
me [
0 cw L i a d Ll l s diad l.l J M Ni‘ { j i Al
50 kb
Xite Tsix Xist Ftx Xpr

Linx l l
Nap112 Ppnx Cdx4 Chic! Cnbp2 Xpct

TAD# D E



Nora et al. 2012 Supplementary Figure 11

No Xist expression from paternal transgene

RNA FISH —ICM cells DNA FISH Endogenous Xic
Tsix (DXPas34) Xist/Tsix (BAC 399K20) Ta53
Linx (wi1-1985N4) Xist expression from paternal transgene 9
Xist/Tsix (A510) = extra-embryonic cells DAPI

sequential
RNA/DNA FISH

APCR on gDNA | —— ||

3

25

J+ 2
XY-TG8O /XY ,,

1

05

0
chrX 100450000 100455000 100460000 100465000 100470000 100475000

primer pairs:  EN21 EN22 EN13 EN12



Nora et al. 2012 Supplementary Figure 12

100500000 |
Cdx4 =4

a
145
o oo Ll Ry
(B} I
188-
Sox2 06 L. l T Vo H | ’ .
4- j
H3K4me3 .| J -‘J. \ N ..,w. |m.|nL..\Lu _l.‘_.‘.‘..‘..uw. \um“ |||l_.u.- d..h_m
0-
| Lukd
RNA . Ju ‘Itmh |m\mww.,d‘m\\m‘.\i,‘[“.»Mmmw sl “h vl\l\\l‘uhw.,‘
Linx Xite Tsix Xist
Nap1l2 Ppnx Cdx4 Chic
b 50kb | i
chrX: 100400000 | 100450000 |
UCSC Genes 4930519&;3?;; o 4930519F16Rik Mttt MRS

Guttman et al., 2009 LincRNA promoter prediction

chrX:100421262-100507184 il

chrX:100379635-100381628 Bl
chrX:100421262-100507184 il

chrX:100421262-100507184 il

Linx

chrX:100421262-100507184 I=

chrX:100421262-100507184 I

chrX:100421262-100507184 il
chrX:100421262-100448609

Guttman et al., 2010 mESCs RNAseq SCRIPTURE

chrX:100421262-100448609 il
chrX:100421262-100448609 Hilk
chrX:100421262-100448609 Hilk

Ppnx exons 5-6

Linx exons 2-3 »-<«
Linx exons 1-2 »
RT-qPCR primers Linx exons 1_Alt-2 »-

Linx with alternative exon 1

Linxintron 1 #2 »—<

Ppnx exons 1-2 -«

RNA FISH probes wi1-2662)22 I

Total RNA undifferentiated Female mESCs

Amounts relative to spliced Linx (exon1-2) RNA

Linxexon1 #1 —
Linxexon1 #2
Linxintron 1 #1 —
Linxintron 1 #2 —
Linx exons 2-3
Linx exons Alt1-2
Ppnx exons 1-2
Ppnx exons 5-6 |«
0 0,5 1 1,5 2
Amounts relative to spliced Tsix RNA
Tsix intron h—<
0 0,5 1 1,5 2
Amounts relativeto to spliced Rnf12 RNA
Rnf12intron | —
0 0,005 0,01 0,015 0,02

d

Linx intron 1 #1 »<

Linx exon 1 #2»<
Linx exon 1 #1 »<

RNA FISH undifferentiated Female mESCs

wi1-1985N4 (unspliced Linx)




Nora et al. 2012 Supplementary Figure 13

a Total RNA undifferentiated mESCs

Linx spliced
(exons 1-2)

Linx unspliced .
(intronT #1)
Tsix spliced
Tsix unspliced

0 2 4 6 8 10 1210

Amounts relative to ArpPO RNA

Nuclear/Cytoplasmic RNA ratio undifferentiated mESCs

Linx exon 1 #1

Linx exon 1 #2

Linx spliced
(exons 1-2)

Ftx spliced

Jpx
(exon3)

Tsx spliced

Rrm2 spliced

0 1 2 3 4 5 6 7
Fold nuclear enrichment relative to ArpPO RNA

c Nuclear/Cytoplasmic RNA ratio undifferentiated mESCs
primary transcripts

Linx unspliced

(intron #1)

Linx unspliced
(intron #2)

Tsix unspliced

30 40 50
Fold nuclear enrichment relative to ArpPO RNA




Nora et al. 2012 Supplementary Figure 14

a RNA FISH on differentiating female mESCs
Linx (wi1-1985N4) Tsix (DXPas34) Xist (strand-specific)
Biallelic _ Monoallelic Biallelic Monoallelic Biallelic Monoallelic

b Linx Tsix Xist
% cells M Biallelic M Monoallelic No expression % cells EBiallelic M Monoallelic No expression 9, cells HBiallelic B Monoallelic No expression
100 100 -
90 90 -
80 80 -
70 70 -
60 60 -
50 50 -

40
30
20
10

0

40 -
30-

20 -
107
0

C Tsix (DXPas34) Xist (strand-specific)

Linx and Tsix Tsix only

d %alleles

100
H Xist Tsix Linx
90 i )
B Xist Tsix i itive allel
80 o ist positive alleles
Xist Linx P
70 Xist
60 oo e e e e o
50
M Tsix Linx
40 -
B Tsix Xist negative alleles
30 Linx
20 None
10




Nora et al. 2012 Supplementary Figure 15

DOWN-regulated upon differentiation UP-regulated upon differentiation



